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MANAGING SELF-DRIVING BEHAVIOR OF
AUTONOMOUS OR SEMI-AUTONOMOUS
VEHICLE BASED UPON ACTUAL DRIVING
BEHAVIOR OF DRIVER

RELATED APPLICATIONS

The present application 1s a continuation of, and claims
the benefit of, U.S. patent application Ser. No. 16/266,325,
entitled “Managing Self-Driving Behavior of Autonomous
or Semi-autonomous Vehicle Based Upon Actual Driving
Behavior of Driver” and filed Feb. 4, 2019, which 1s a
continuation of U.S. patent application Ser. No. 16/000,116,
(now U.S. Pat. No. 10,239,538) entitled “Managing Seli-
Driving Behavior of Autonomous or Semi-autonomous
Vehicle Based Upon Actual Driving Behavior of Driver” and
filed Jun. 5, 2018, which 1s a continuation of and claims the
benefit of U.S. patent application Ser. No. 14/978,701, (now
U.S. Pat. No. 10,077,056) entitled “Managing Self-Driving
Behavior of Autonomous or Semi-autonomous Vehicle
Based Upon Actual Driving Behavior of Driver,” filed Dec.
22, 2015, which claims priority benefit of an earlier-filed
U.S. provisional patent application entitled “Managing Seli-
Driving Behavior of Autonomous Vehicle Based Upon
Actual Driving Behavior of Driver,” Ser. No. 62/152,573,
filed Apr. 24, 2015, and also claims priority benefit of a
second earlier-filed U.S. provisional patent application
entitled “Managing Self-Driving Behavior of Autonomous
Vehicle Based Upon Actual Driving Behavior of Driver,”
Ser. No. 62/182,023, filed Jun. 19, 2015. The contents of the
identified earlier-filed applications are hereby incorporated
by reference into the present application as it set forth in
their entireties.

FIELD OF THE INVENTION

The present disclosure generally relates to systems and
methods for controlling self-driving vehicles, and, more
particularly, to systems and methods for measuring the
actual driving behaviors of drivers and then managing the
seli-driving behaviors of seli-driving vehicles to, within
limits, mimic the measured actual driving behaviors BACK-
GROUND

Autonomous vehicles may become more prevalent 1n the
future. However, autonomous vehicles may be typically
programmed to operate or drive 1n real world conditions in
a style that 1s substantially different than that of an individual
driver. Thus, the driving style of an autonomous vehicle may
be upsetting or uncomiortable to numerous drivers that are
used to driving themselves. This may, 1n turn, lower an
average driver’s confidence or interest i riding as a pas-
senger 1n an autonomous vehicle.

BRIEF SUMMARY

The present embodiments may relate to, inter alia, a
system and method configured to objectively measure a
driver’s actual driving behaviors 1n a manual driving mode
to determine their preferred driving style, and then cause a
seli-driving vehicle to operate 1tself, within limits, 1n accor-
dance with a substantially similar driving style when 1n a
seli-driving mode, thereby providing a more familiar and
comiortable driving experience for the driver.

In one aspect, a system may be provided for managing the
seli-driving behavior of the seli-driving vehicle. The system
may broadly comprise a communication element configured
to recerve and transmit signals via a network, a memory
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clement configured to store information, and a processing
clement configured to perform the following steps or
actions. Data may be collected regarding the actual driving
behavior of the driver in the manual driving mode, pre-
existing data may be accessed regarding the actual driving
behavior of the driver 1n the manual driving mode, and the
collected data may be combined. A custom control may be
created based upon the combined collected and accessed
pre-existing data, and the custom control may be applied to
manage the selt-driving behavior of the seli-driving vehicle
in a self-dniving mode. Additional data may continue to be
collected regarding the actual driving behavior of the driver
in the manual driving mode, and the custom control may be
adjusted based upon the collected additional data. The
system and the steps or actions it performs may include
additional, fewer, or alternative components or steps or
actions, including those discussed elsewhere herein.

In another aspect, a computer-implemented method may
be provided for managing the self-driving behavior of the
seli-driving vehicle. The computer-implemented method
may broadly comprise the following steps or actions. Data
may be collected regarding the actual driving behavior of the
driver 1n the manual driving mode, pre-existing data may be
accessed regarding the actual driving behavior of the driver
in the manual driving mode, and the collected data and the
accessed pre-existing data may be combined. A custom
control may be created based upon the combined data, and
the custom control may be applied to manage the seli-
driving behavior of the self-driving vehicle 1n the seli-
driving mode. Additional data may continue to be collected
regarding the actual driving behavior of the driver in the
manual driving mode, and the custom control may be
adjusted based upon the collected additional data. The
computer-implemented method may include additional,
fewer, or alternative steps or actions, including those dis-
cussed elsewhere herein.

In another aspect, a non-transitory computer-readable
medium with an executable program stored thereon may be
provided for managing the self-driving behavior of the
self-driving vehicle. The program may broadly instruct the
processing element of the system to perform the following
steps or actions. Data may be collected regarding the actual
driving behavior of the driver in the manual driving mode,
pre-existing data may be accessed regarding the actual
driving behavior of the driver in the manual driving mode,
and the collected data and the accessed pre-existing data
may be combined. A custom control may be created based
upon the combined data, and the custom control may be
applied to manage the seli-driving behavior of the seli-
driving vehicle 1in the self-driving mode. Additional data
may continue to be collected regarding the actual driving
behavior of the driver 1n the manual driving mode, and the
custom control may be adjusted based upon the collected
additional data. The program stored on the non-transitory
computer-readable medium may include additional, fewer,
or alternative instructions, including those discussed else-
where herein.

Each of the aforementioned aspects may further include
any one or more of the following additional or alternative
features. The actual driving behavior may be acceleration,
deceleration, lane-changing, speed of cornering, and speed
management. Collecting data may involve using one or
more sensors to measure the actual driving behavior. The
collected data may include a location and a time at which the
measured actual driving behavior occurred. Anomalous data
may be deleted from the combined data. The custom control
may be a performance threshold for the self-driving behav-
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1ior. Creating and applying the custom control may include
not allowing the custom control to exceed a limait. The limit
may be based upon such imformation as driving conditions,
driving circumstances, driving laws, parental preferences,
employer preferences, and vehicle owner preferences. The
steps or actions may further include collecting driving
behavior data of a plurality of drivers driving through a
particular area and/or at a particular time, determining a safe
operating range for driving through the particular area
and/or at the particular time based upon the collected driving
behavior data of the plurality of drivers, and basing the limit
on the determined safe operating range.

Applying the custom control may include identifying a
change 1n the actual driving behavior of the driver 1n the
manual driving mode associated with a particular location
and/or a particular time, and adjusting the custom control to
reflect the change 1n the actual driving behavior of the driver
when the self-driving vehicle i1s operating 1n the self-driving,
mode at the particular location and/or at the particular time.
The steps or actions may further include allowing the driver
to transfer the custom control from the self-driving vehicle
to a second self-driving vehicle. The steps or actions may
turther include creating a plurality of custom controls for a
plurality of different drivers of the self-driving vehicle, with
cach custom control being associated with each different
driver, 1dentifying a particular driver using the self-driving
vehicle from the plurality of different drivers, and applying
a particular custom control associated with the identified
particular dniver from the plurality of custom controls.
Adjusting the custom control may be performed periodically
or continuously. The steps or actions may further include
adjusting an insurance rate based upon the custom control
tor the self-driving vehicle. The steps or actions may further
include allowing the driver to manually adjust the custom
control, and basing the insurance rate on the manually
adjusted custom control and an amount of time spent 1n the
self-driving mode.

Advantages will become more apparent to those skilled 1n
the art from the following description of the preferred
embodiments which have been shown and described by way
of 1llustration. As will be realized, the present embodiments
may be capable of other and different embodiments, and
their details are capable of modification 1n various respects.
Accordingly, the drawings and description are to be regarded
as 1llustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The Figures described below depict various aspects of the
system and methods disclosed therein. It should be under-
stood that each Figure depicts an embodiment of a particular
aspect of the disclosed system and methods, and that each of
the Figures 1s intended to accord with a possible embodi-
ment thereof. Further, wherever possible, the following
description refers to the reference numerals included 1n the
following Figures, 1n which features depicted 1n multiple
Figures are designated with consistent reference numerals.
The present embodiments are not limited to the precise
arrangements and instrumentalities shown, wherein:

FIG. 1 1s a depiction of an embodiment of an exemplary
system for managing the self-dniving behavior of a seli-
driving vehicle;

FIG. 2 1s a first flowchart of exemplary steps or actions
that may be performed by the system of FIG. 1;

FI1G. 3 1s a second flowchart of exemplary steps or actions
that may be performed by the system of FIG. 1;
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FIG. 4 depicts an exemplary computer-implemented
method of using driving performance metrics as an input to

an autonomous or semi-autonomous vehicle control system
for natural driving (or to mimic an individual driver’s actual
driving behavior); and

FIG. 5 depicts an exemplary computer-implemented
method of programming an autonomous or semi-autono-
mous vehicle to exhibit actual driving behavior, and/or
adjusting auto isurance based upon autonomous or semi-
autonomous vehicle operation/usage and/or driving scores
for an 1ndividual.

The Figures depict preferred embodiments for purposes of
illustration only. One skilled 1n the art will readily recognize
from the following discussion that alternative embodiments
of the systems and methods illustrated herein may be

employed without departing from the principles of the
embodiments described herein.

DETAILED DESCRIPTION

The present embodiments relate to, inter alia, creating and
using an objective measure of driving behavior as input to an
autonomous (or semi-autonomous) vehicle driving system
to match an individual driver’s behavior and driving style to
the autonomous vehicle’s automated control system. A
system and method may use a dniver feedback scoring
algorithm that provides an overall score as well as separate
scores for acceleration, braking, cornering, and/or other
driving behavior metrics at the trip level to objectively
quantity the driving patterns, styles, and/or behaviors of
individual drivers in defined driving environments and/or
situations. The driving scores may serve as mput to auto-
mated vehicle control systems to correlate automated
vehicle controls of acceleration, braking, cornering, and/or
other driving behavior to deliver safe levels, as well as to
closely mimic actual driver behavior. This approach may
ofer drivers a similar driving experience with automated
driving systems so they can have more confidence and
familiarity behind the wheel or riding 1n autonomous or
semi-autonomous vehicles.

The present embodiments may enable new objective
standards for safe driving behaviors that vehicle manufac-
turers may use to tune and code automated driving systems
in partially or fully autonomous vehicles. The present
embodiments may also enable auto manufacturers to estab-
lish a safe operating range for automated driving systems for
acceleration, braking, cornering, and/or other driving char-
acteristics based upon auto nsurance provider (or other)
driving behavior scoring metrics and/or driving behavior/
telematics data.

In one aspect, telematics and/or driving behavior data
may be collected regarding an insured driver’s behavior with
theirr permission. The telematics and/or driving behavior
data collected may relate to the insured’s typical accelera-
tion, braking, cornering, speed, following distance, and/or
other aspects of individual driving style. An object measure
of driving behavior may be a range (or model) of driving
behavior. The range of dniving behavior may be entered into
an autonomous or semi-autonomous vehicle control system.
As a result, the autonomous or semi-autonomous vehicle
may mimic that driving behavior of the insured to provide a
better customer experience for autonomous or semi-autono-
mous vehicles users/owners.

A safe operating range for a number of driving behaviors
or characteristics (acceleration, braking, cornering, speed,
tollowing distance, etc.) may be determined. For example, a
normal safe driving range for each driving characteristic
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may be determined using various factors (e.g., g-force
measurements for acceleration, braking, or turning).

If the msured’s typical driving behavior for a specific
driving characteristic 1s within the determined normal range,
the dnving mode of the automated vehicle may include a
setting set at, or adjusted to, the msured’s typical driving
behavior for that driving characteristic. On the other hand, 11
the 1insured’s typical driving behavior for a specific dniving,
characteristic 1s not within an acceptable range for safe
driving, the dnving mode of the automated vehicle may
include a setting set at, or adjusted to, an upper or lower limait
or threshold for the acceptable range.

For example, 1 the insured typically exhibits normal
acceleration and braking, the autonomous vehicle driving
mode may be set to mimic the msured’s driving for vehicle
acceleration and braking. On the other hand, 1f the msured
typically drives over the speed limit or otherwise outside the
range for sale driving speed, the automated vehicle driving,
mode may include a setting or adjustment such that the
vehicle automatically drives within the speed limit and/or at
a sate driving speed for road conditions. For example, some
or all of the driving characteristics may have acceptable
speeds or g-forces. If the driver typically exceeds those
speed or g-force thresholds, automated vehicle operation
may be limited to the acceptable speeds or g-forces for
vehicle safety.

In one embodiment, a smart vehicle controller may have
a display screen that allows a human passenger to select a
type of driving mode for an autonomous or semi-autono-
mous vehicle. For example, a display screen may present
several driving modes to the passenger for selection, such as
(1) Conservative Driver, (2) Normal Driver, (3) Aggressive
Driver, and/or (4) My Driving Profile. The My Driving
Profile may direct the autonomous vehicle to be driven (by
a smart vehicle controller or other processors) 1n a fashion
that mimics the typical driving behavior of the passenger.
The autonomous or semi-autonomous vehicle may be driven
automatically (under processor control) in a manner that
corresponds to the mode selected, such as conservative,
normal, aggressive, or 1n accordance with a driver profile.

An msurance provider may collect data from the insured’s
mobile device, telematics device, or an automated vehicle
controller related to an amount of time that the insured rides
in the autonomous vehicle for each dnving mode. Based
upon the amount of miles driven in each mode, usage-based
auto 1nsurance may be updated. For instance, an auto
insurance policy, premium, rate, or discount may be based
upon the amount of time or miles that the msured has the
autonomous or semi-autonomous vehicle set at each difler-
ent driving mode (conservative, aggressive, normal, My
Driving Profile, etc.). For example, an msured that typically
sets their autonomous vehicle to a normal or conservative
driving mode may be oflered a discount on auto insurance.

Exemplary Embodiments

Referring to FIGS. 1 and 2, the present embodiments may
relate to a system 10 and method configured to objectively
measure a driver’s actual driving behaviors in a manual
driving mode to determine their preferred driving style, and
then cause a self-driving vehicle 12 to operate 1tself, within
limits, 1n accordance with a substantially similar driving
style when 1n self-driving mode, thereby providing a more
familiar and comiortable driving experience for the driver.

The system 10 may collect data regarding the actual
driving behaviors of the driver in the manual driving mode,
as shown 1n step 100. In one implementation, one or more
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sensors 14 measure one or more indicia of the actual driving,
behaviors, and communicate the one or more measurements
to a processing element 16 and/or to a memory element 18.
In one 1implementation, the data may include location and/or
time data regarding a plurality of locations and/or times at
which the measured actual driving behaviors took place.

The system 10 may access any pre-existing data regarding,
the actual dniving behaviors of the driver in the manual
driving mode, as shown 1n step 102. Such pre-existing data
may be stored on the system’s 10 own memory element 18
or may be remotely accessed via a communication element
20, and may have been originally collected for the same or
a different purpose. The system 10 may combine the col-
lected and pre-existing data regarding the actual driving
behaviors of the driver 1n manual driving mode, as shown 1n
step 104. Combining such data may provide a larger and
therefore more accurate sample of the driver’s actual driving,
behaviors.

The system 10 may create performance thresholds or
other custom controls based upon the data regarding the
driver’s actual driving behaviors, as shown 1n step 106. The
performance thresholds or other custom controls may be
used to manage the self-driving behavior of the self-driving
vehicle 12. In one implementation, anomalous data may be
deleted from the data set. In one implementation, the system
10 may impose limits on the performance thresholds or other
custom controls so as not to exceed legal or otherwise safe
minimums or maximums, regardless of whether or not the
driver may have exceeded such limits 1n manual driving
mode (1.e., the system 10 may delete or otherwise ignore
data that exceed these limits). Such limits may be dynami-
cally adjustable 1n response to driving conditions (e.g., road
construction, accidents, different jurisdictional limits, severe
weather, and/or other unusual driving conditions), circum-
stances (e.g., near schools), local laws (e.g., different limaits
imposed by different jurisdictions), and/or other sources of
limits (e.g., parents imposing different self-driving behavior
limits when their children are using the vehicles, employers
imposing self-driving behavior limits when their employees
are using the vehicles, and/or vehicle owners 1mposing
self-driving behavior limits when they allow others to use
the vehicles). Relatedly, objective measurements of the
manual driving behaviors of an individual or a group of
individuals driving through particular areas at particular
times may be collected, analyzed, and used to establish safe
operating ranges for some or all self-driving vehicles oper-
ating within those areas during those times.

The system 10 may apply the performance thresholds or
other custom controls to manage the self-driving behavior of
the vehicle 12 in real-time, as shown 1n step 108. In one
implementation, the system’s 10 application of the perfor-
mance thresholds or other custom controls may take into
account the location and/or time i1f the system 10 has
determined that particular locations and/or times are asso-
ciated with changes in the driver’s seli-driving behavior. For
example, the driver may drive more aggressively in the
morning on the way to work than 1n the evening on the way
home, or the driver may drive more aggressively on open
highways or during off-peak driving times and less aggres-
sively on residential streets or during peak driving times.
The system 10 may, for example, create and apply different
custom controls for different locations and/or times, or may
create a default custom control and adjust 1t for different
locations and/or times when applying it.

In one mmplementation, the system 10 may allow for
transferring manual driving data or corresponding seli-
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driving custom controls from one vehicle 12 to another, such
as from the driver’s primary vehicle to a new, borrowed, or
rented vehicle.

In one 1implementation, data may be collected and custom
controls may be created for multiple drivers of the same
vehicle 12, and the system 10 may determine which par-
ticular driver of a plurality of potential drivers i1s in the
vehicle 12 and then apply the custom controls created for
that particular driver. More specifically, the system 10 may
be dniver-specific rather than vehicle-specific, 1.e., it may
change the vehicle’s 12 self-driving behavior to reflect the
different manual driving styles of different drivers, such as
family members who share the vehicle 12.

The system 10 may continue to collect data regarding the
actual driving behaviors of the driver 1n manual driving
mode, as shown 1n step 110. As appropriate, the system 10
may adjust the performance thresholds or other custom
controls based upon the additional collected data, as shown
in step 112. Such adjustment may occur periodically, such as
at fixed intervals or whenever warranted, or substantially
continuously.

Additionally, just as insurance rates may be adjusted
based upon measured actual driving behaviors, insurances
rates may be similarly adjusted based upon the self-driving,
vehicle’s 12 self-driving behavior. Relatedly, the driver may
be allowed to select a different seli-driving style than the
driver normally exhibits when manually driving the vehicle
12, and this choice may be used to adjust the driver’s
insurance rate, deductible amount, or other insurance term or
condition based upon the lower or higher aggressiveness of
the selected driving style when 1n self-driving mode and the
amount of time spent in seli-driving mode.

Potential implementations of features of the present
embodiments, including the data collection and custom
control creation features, are described in U.S. Pat. Nos.
8,930,229 and 8,930,231, the entire contents of which are
incorporated by reference herein. In particular, State Farm’s
Driver Feedback Scoring Algorithm provides an overall
score and specific scores for acceleration, braking, and
cornering at the trip level 1n order to objectively quantily
driving patterns, styles, and behaviors 1n defined driving
environments and situations. These scores may then be used
to tune and code self-driving vehicles 12 so that self-driving
acceleration, braking, and cornering substantially mimic,
within limits, the actual drivers’ behaviors, thereby provid-
ing a more familiar driving experience and instilling greater
confidence 1n the self-driving vehicles.

Specific embodiments of the technology will now be
described. The embodiments are intended to describe
aspects of the present invention in suflicient detail to enable
those skilled in the art to practice the present mvention.
Other embodiments may be utilized and changes may be
made without departing from the scope of the present
invention. The following detailed description 1s, therefore,
not to be taken 1n a limiting sense. The scope of the present
invention 1s defined only by the appended claims, along with
the full scope of equivalents to which the claims are entitled.
Exemplary System

Referring particularly to FIG. 1, an exemplary embodi-
ment of the system 10 1s shown configured for managing the
seli-driving behavior of the self-driving vehicle 12. The
system 10 may broadly comprise the communication ele-
ment 20 configured to recerve and transmit signals via a
network 24, the memory element 18 configured to store
information, and the processing element 16 electromically
coupled to the communication element 20 and the memory
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clement 18. The system 10 may be configured as a mobile
device (e.g., a smart phone or tablet), removable device, or
fixed device.

The communication element 20 may generally allow for
communication with remote systems or devices, including
remote databases 26 on which may be stored the pre-existing
data. The communication element 20 may include signal or
data transmitting and receiving circuits, such as antennas,
amplifiers, filters, mixers, oscillators, digital signal proces-
sors (DSPs), and the like. The communication element 20
may establish communication wirelessly by utilizing radio-
frequency (RF) signals and/or data that comply with com-
munication standards such as cellular 2G, 3G, or 4G, IEEE
802.11 standard (such as WikF1), IEEE 802.16 standard (such
as WiMAX), Bluetooth™, or combinations thereof. The

communication element 20 may be electronically coupled or
otherwise 1n electronic commumnication with the memory
clement 18 and the processing element 16.

The network 24 may be embodied by a local, metro, or
wide area network (LAN, MAN, or WAN) and may be

formed using a plurality of known architectures and topolo-
gies. In some embodiments, a portion of the network 24 may
be formed by at least a portion of the Internet, by commu-
nication lines that are leased from other entities, or by
combinations thereol. The network 24 may be implemented
within a small area such as city or across a larger area such
as a region or country.

The memory element 18 may generally allow for storing
information, such as the collected data, accessed pre-exist-
ing data, and/or performance thresholds or other custom
controls. The memory element 18 may 1nclude data storage
components such as read-only memory (ROM), program-

mable ROM, erasable programmable ROM, random-access
memory (RAM) such as static RAM (SRAM) or dynamic

RAM (DRAM), cache memory, hard disks, floppy disks,
optical disks, flash memory, thumb drives, USB ports, or the
like, or combinations thereof. The memory element 18 may
include, or may constitute, a “computer-readable medium.”
The memory element 18 may store the instructions, code,
code segments, software, firmware, programs, applications,
apps, services, daegmons, or the like that are executed by the
processing element 16. The memory element 18 may also
store settings, data, documents, sound files, photographs,
movies, 1mages, databases, and the like. The memory ele-
ment 18 may be electronically coupled or otherwise in
clectronic communication with the communication element
20 and the processing element 16.

The processing element 16 may generally allow for
creating the performance thresholds or other custom con-
trols. The processing element 16 may include one or more
processors, microprocessors, microcontrollers, DSPs, field-
programmable gate arrays (FPGAs), analog and/or digital
application-specific mtegrated circuits (ASICs), or the like,
or combinations thereof. The processing element 16 may
generally execute, process, or run instructions, code, code
segments, software, firmware, programs, applications, apps,
processes, services, daemons, or the like. The processing
clement 16 may also include hardware components such as
finite-state machines, sequential and combinational logic,
and other electronic circuits that can perform the functions
necessary for the operation ol embodiments of the current
inventive concept. The processing element 16 may be 1n
communication with the other electronic components
through serial or parallel links that include address busses,
data busses, control lines, and the like. The processing
clement 16 may be electronically coupled or otherwise 1n
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clectronic communication with the communication element
20 and the memory element 18.

Referring again to FIG. 2, the various actions that may be
performed by the system 10 may broadly include the fol-
lowing. The processing element 16 may collect data regard-
ing the actual driving behavior of the driver 1n the manual
driving mode, as shown 1n step 100. The processing element
16 may access pre-existing data via the communication
clement 20 regarding the actual driving behavior of the
driver 1n the manual driving mode, as shown 1n step 102.
The processing element 16 may combine the collected data
and the accessed pre-existing data, and store the combined
data in the memory element 18, as shown 1n step 104. The
processing element 16 may create the performance threshold
or other custom control based upon the combined data, and
store the custom control in the memory element 18, as
shown 1n step 106. The processing element 16 may apply the
performance threshold or other custom control to manage
the self-driving behavior of the seli-driving vehicle 12 in the
self-driving mode, as shown 1n step 108. The processing
clement 16 may continue to collect additional data regarding
the actual driving behavior of the driver in the manual
driving mode, and store the collected additional data 1n the
memory element 18, as shown in step 110. The processing,
clement 16 may adjust the custom control based upon the
collected additional data, as shown 1n step 112.

The system 10 may include additional, fewer, or alterna-
tive components and/or perform additional, fewer, or alter-
native actions, including those discussed elsewhere herein,
and particularly the additional features discussed in the
section describing the computer-implemented method.
Exemplary Computer-Implemented Method

Referring also to FIG. 3, an exemplary computer-imple-
mented method 1s shown for managing the self-driving
behavior of the self-driving vehicle 12. The method may
broadly include the following steps or actions. Data may be
collected regarding an actual driving behavior of a driver 1n
a manual driving mode, as shown in step 200. The actual
driving behavior may include acceleration, deceleration,
lane-changing, speed of cornering, and speed management.
In one implementation, one or more sensors may be used to
measure the actual driving behavior. In one implementation,
the collected data may include a location and/or a time at
which the measured actual driving behavior occurred, as
shown 1n step 202. Pre-existing data may be accessed
regarding the actual driving behavior of the driver 1n the
manual driving mode, as shown 1n step 204. The collected
data and the accessed pre-existing data may be combined, as
shown 1n step 206. In one implementation, anomalous data
may be deleted from the combined data 1n order to better
represent the driver’s normal driving behavior, as shown in
step 208.

A custom control may be created based upon the com-
bined data, as shown 1n step 210. In one implementation, the
custom control may be a performance threshold for the
self-driving behavior (e.g., maximum and/or minimum
acceleration and/or decelerations rates). In one 1implemen-
tation, the custom control may not be allowed to exceed a
limit, as shown 1n step 212. The limit may be based upon
information such as driving conditions, driving circums-
stances, driving laws, parental preferences, employer prel-
erences, and/or vehicle owner preferences. In one 1mple-
mentation, the limit may be determined by collecting driving,
behavior data of a plurality of drivers driving through a
particular area at a particular time, determining a safe
operating range for driving through the particular area at the
particular time based upon the collected driving behavior
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data of the plurality of drnivers, and basing the limit on the
determined safe operating range.

The custom control may be applied to manage the seli-
driving behavior of the self-driving vehicle 12 1n a seli-
driving mode, as shown 1n step 214. In one implementation,
applying the custom control may include identifying a
change 1n the actual driving behavior of the driver 1n the
manual driving mode associated with a particular location
and/or a particular time, and adjusting the custom control to
reflect the change 1n the actual driving behavior of the driver
when the self-dniving vehicle 12 1s operating in the seli-
driving mode at the particular location and/or at the particu-
lar time.

Additional data may continue to be collected regarding
the actual driving behavior of the drniver in the manual
driving mode, and the custom control may be adjusted based
upon the collected additional data, as shown 1n step 216. The
custom control may be adjusted periodically or continu-
ously.

In various i1mplementations, the method may further
include any one or more of the following additional steps or
actions. The driver may be allowed to transfer the custom
control from the seli-driving vehicle 12 to a second seli-
driving vehicle, as shown 1n step 218. A plurality of custom
controls may be created for a plurality of different drivers of
the self-driving vehicle 12, with each custom control being
associated with each different driver, and a particular driver
using the self-driving vehicle 12 may be 1dentified from the
plurality of different drivers, and a particular custom control
associated with the identified particular driver may be
applied from the plurality of custom controls, as shown 1n
step 220. An 1nsurance rate may be based upon the custom
control for the seli-driving vehicle 12, as shown 1n step 222.
In one implementation, the driver may be allowed to manu-
ally adjust the custom control to reflect a lower or higher rate
of driving aggressiveness, and the insurance rate may be
based upon the manually adjusted custom control and an
amount of time spent in the self-driving mode.

The computer-implemented method may include addi-
tional, fewer, or alternative features, including those dis-
cussed elsewhere herein.

Exemplary Computer-Readable Medium

A non-transitory computer-readable medium with an
executable program stored thereon may be provided for
managing the self-driving behavior of the self-driving
vehicle 12. The program may instruct the processing ele-
ment 16 and/or other components of the system 10 to
perform various actions which may include the following.
Referring again to FIG. 2, the program may instruct the
processing element 16 to collect data regarding the actual
driving behavior of the driver in the manual driving mode,
as shown 1n step 100. The program may instruct the pro-
cessing clement 16 to access pre-existing data via the
communication element 20 regarding the actual driving
behavior of the driver 1n the manual driving mode, as shown
in step 102. The program may instruct the processing
clement 16 to combine the collected data and the accessed
pre-existing data, and to store the combined data in the
memory element 18, as shown 1n step 104. The program may
instruct the processing element 16 to create the performance
threshold or other custom control based upon the combined
data, and store the custom control 1n the memory element 18,
as shown 1n step 106. The program may instruct the pro-
cessing clement 16 to apply the custom control to manage
the self-driving behavior of the self-driving vehicle 12 in the
seli-driving mode, as shown 1n step 108. The program may
instruct the processing element 16 to continue to collect
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additional data regarding the actual driving behavior of the
driver in the manual dniving mode, and store the collected
additional data 1n the memory element 18, as shown 1n step
110. The program may 1nstruct the processing element 16 to
adjust the custom control based upon the collected addi-
tional data, as shown 1n step 112.

The executable program stored on the non-transitory
computer-readable medium may istruct the system 10 to
perform additional, fewer, or alternative actions, including,
those discussed elsewhere herein, and particularly the addi-
tional features discussed 1n the section describing the com-
puter-implemented method.

Exemplary Computer-Implemented Method

FIG. 4 depicts an exemplary computer-implemented
method of using driving performance metrics as an mnput to
automated (e.g., autonomous or semi-autonomous) vehicle
control systems for natural driving (or to mimic an indi-
vidual driver’s actual driving behavior) 400. The method
400 may include gathering individual drniver performance
data or metrics, as shown in step 402, collecting driving
behavior data 1n a manual dniving mode, as shown 1n step
404; creating customized thresholds and controls for use 1n
automated vehicle driving systems as shown in step 406;
applying the customized thresholds to automated vehicle
control systems and/or software, such as 1n real-time or real
world driving, as shown 1n step 408; and/or logging manual
driving behavior to further refine the algorithms and/or
customized thresholds, as shown 1n step 410. The method
may include additional, less, or alternate actions, including
those discussed elsewhere herein, and/or the method may be
implemented via a computer system, communication net-
work, one or more processors, and/or computer-executable
instructions stored on non-transitory storage media or com-
puter-readable medium.

The method 400 may include gathering pre-existing (or
historical) individual driver performance data or metrics, as
shown 1n step 402. For example, driver behavior or telem-
atics data may be collected from 1nsurance provider telem-
atics applications used on mobile devices and/or via dedi-
cated telematics devices. The pre-existing driving
performance or driving behavior data may relate to accel-
eration, braking, cornering, speed management, following
distance, and/or other driving behavior metrics, including
those discussed elsewhere herein. The pre-existing telemat-
ics and/or driver behavior data may be collected after the
isured or other driver provides their aflirmative consent or
opts-1n into an auto isurance discount program intended to
benelit safe driving behavior. The pre-existing data may also
include driving scores (such as scores for individual driving
characteristics) for individual trips that an individual has
driven in the past.

The method 400 may 1nclude collecting driving behavior
(and/or telematics) data in a manual driving mode (1.e., a
human 1s driving the vehicle), as shown 1n step 404. The
driving behavior data may be collected via a smart vehicle
controller or processor, or a via a telematics data collection
application running on a mobile device (e.g., smart phone,
smart watch, smart glasses, etc.). The driving behavior data
collected may relate to acceleration, braking, cornering,
speed management, following distance, and/or other driving
behavior metrics. The data collected 1n manual driving mode
may be adjusted based upon the type of vehicle, such as
sedan versus sport utility vehicle (SUV).

The method 400 may include creating customized thresh-
olds and/or controls for use in automated vehicle driving
systems, as shown in step 406. Customized thresholds
and/or settings may be calculated based upon an individual’s
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actual driving behavior. Customized thresholds and/or set-
ting may be set for a variety of driving behavior character-
istics that an automated vehicle 1s to mimic or replicate. The
driving behavior characteristics may relate to acceleration,
braking, cornering, speed management, following distance,
braking, etc. The driving behavior characteristics may also
be adjusted based upon the time of day, as certain drivers
may exhibit different driving behavior during a mormng
commute as compared to an evening commute.

In one embodiment, a driver profile may be built to allow
the automated or autonomous/semi-autonomous vehicle to
mimic a specific driver’s driving. Acceptable ranges for each
driving behavior characteristic may be developed. The
acceptable ranges be defined by upper and lower limits or
thresholds. If the specific driver’s actual driving behavior
falls within the acceptable range for an individual driving
behavior characteristic, then a setting for that specific driv-
ing behavior characteristic 1 a driver profile may be set to
match the specific driver’s actual driving behavior. On the
other hand, 11 the specific driver’s actual driving behavior
talls outside the acceptable range for an individual driving
behavior characteristic, then a setting for that specific driv-
ing behavior characteristic 1in the driver profile may be set to
match the upper or lower limit or threshold for that charac-
teristic.

The method 400 may include applying the customized
thresholds to automated vehicle control systems and/or
soltware, as shown in step 408. The customized thresholds
(including the driver profile and/or driving characteristic
settings mentioned directly above) may be electronically
transierred to a vehicle control system or processor, such as
a smart vehicle controller, via wireless communication and/
or data transmission. After which, as the automated or
autonomous vehicle drives on the road in real-time or in real
world conditions, the customized thresholds may impact or
influence the operation or driving of the automated vehicle.

The method 400 may include logging manual driving
behavior to further refine the algorithms and/or customized
thresholds, as shown 1n step 410. For example, the subse-
quent manual driving behavior or telematics data may be
collected for an individual driver. The subsequent, or more
recent, data collected may then be used to further refine the
customized thresholds associated with automated driving
characteristics. The refinements may facilitate tuning the
algorithms and/or customized thresholds (and/or driver pro-
file) to provide safe automated or autonomous vehicle
driving while still mimicking actual driving of the driver.

In one aspect, driving behavior and/or telematics data
may be collected. The data may segmented into (and/or
scored for the driver for) several driving characteristics. If
the driver’s score for an individual driving characteristic 1s
within an acceptable range, the driver’s profile may be set to
their score for that driving characteristic. I1 not, the driver’s
proflle may be set to a threshold or limit for the dniving
characteristic that 1s pre-determined to be acceptable for safe
driving. As a result of the foregoing, a driver profile may be
bult and programmed into an automated, autonomous,
and/or semi-autonomous vehicle such that when an nsured
1s traveling 1n the vehicle, 1t feels as a normal (or approxi-
mately normal) riding experience, while simultaneously
ensuring road safety and safe autonomous/semi-autonomous
vehicle operation.

Another Exemplary Computer-Implemented Method

FIG. 5 depicts an exemplary computer-implemented
method of programming an autonomous vehicle to mimic
actual driving behavior and/or adjusting auto insurance
based upon autonomous vehicle operation and/or driving
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scores 500. The method 500 may include (1) determining
thresholds and/or acceptable driving ranges for safe driving
for several driving characteristics, such as at an nsurance
provider remote server, as shown 1n step 502; (2) collecting
actual driving behavior and/or telematics data (for the sev-
eral driving characteristics) for an individual, such as via a
mobile device or vehicle controller in wireless communica-
tion and/or data transmission with the insurance provider
remote server, as shown in step 504; (3) determining a
driving score for the driver for each of the several driving
characteristics based upon the actual driving behavior and/or
telematics data collected (such as at the insurance provider
remote server), as shown 1n step 506; and/or (4) comparing,
the driving score for the driver for each of the several driving,
characteristics based upon the actual driving behavior and/or
telematics data (for the several driving characteristics) with
the individual thresholds and/or acceptable driving ranges
for safe driving (such as at the msurance provider remote
server), as shown 1n step 508.

The method 500 may also include, at the remote server,
(5) 1f the drniving score for each driving characteristics 1s
within the threshold and/or acceptable driving range, then
determining a setting within a driver profile for the driver
and/or for that driving characteristic based upon the driving
score, as shown 1n step 510; and/or (6) if the driving score
for each driving characteristics 1s not within the threshold
and/or acceptable driving range, then determining a setting
within a driver profile for the driver and/or for that dniving
characteristic based upon the threshold and/or acceptable
driving range (such as an upper or lower limit), as shown 1n
step 512.

The method 500 may also 1include generating or building,
at the remote server, a driver profile based upon the settings
established (i.e., the settings established based upon the
driver score and/or the threshold and/or acceptable driving
range), as shown i step 514. The method 500 may also
include programming an autonomous vehicle or vehicle
controller to automatically drive a vehicle based upon the
driver profile and/or settings established based upon actual
driver behavior and/or acceptable limits or thresholds for
safe driving, as shown 1n step 316. For instance, the driver
profile may be uploaded to an autonomous vehicle controller
via wireless communication and/or data transmission from
the 1nsurance provider remote server. As a result, a driver
profile may be built and programmed 1nto an autonomous
vehicle such that when an insured 1s traveling 1n the autono-
mous vehicle, the rniding experience 1s enhanced, while
simultaneously ensuring road safety and safe autonomous
vehicle operation.

The method 500 may also include adjusting or generating,
such as via the insurance provider remote server, an auto
isurance policy, premium, or discount based upon the
driving score for each driving characteristic determined
from the data collected, and/or for each driving score for an
insured that 1s within an acceptable range for safe vehicle
operation, as shown 1n step 518. The premium or discount
may also be adjusted based upon an amount of autonomous
vehicle usage 1n different modes of operation, as discussed
clsewhere herein.

The method 500 may also include transmitting (from the
insurance provider remote server) and/or presenting updated
auto insurance policies, premiums, and/or discounts to an
insured, such as via their mobile device, for the insured’s
review, modification, and/or approval. The method may
include additional, less, or fewer actions, including those
discussed elsewhere herein, and/or the method may be
implemented via a computer system, remote servers, local
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vehicle processors or mobile devices, wireless communica-
tion network, and/or computer-executable instructions
stored on non-transitory storage media or computer-readable
medium.

Exemplary Methods of Mimicking Driver Behavior

In one aspect, a computer-implemented method of mim-
icking actual behavior for autonomous vehicle operation
may be provided. The method may include: (1) determiming
an acceptable range for safe driving for each of one or more
driving characteristics (e.g., acceleration, braking, corner-
ing, speed management, following distance, etc.), via one or
more processors; (2) collecting, gathering, or generating, via
one or more processors, actual driving behavior and/or
telematics data for an individual driver (such as via a
telematics data collection application running on their
mobile device or a dedicated telematics device); (3) deter-
mining a driving score for each of the one or more driving
characteristics, via one or more processors, for the indi-
vidual driver based upon computer analysis of the actual
driving behavior and/or telematics data collected, gathered,
or generated; (4) comparing the drniving score with the
acceptable range for each of the one or more driving
characteristics, via one or more processors; (5) 1f the driving
score for an individual driving characteristic 1s within the
corresponding acceptable range (for that driving character-
1stic), determining, via one or more processors, a setting for
that individual driving characteristic for use 1 a driver
proflle for the individual driver based upon that driving
score, and 1f the driving score for an individual driving
characteristics 1s outside of the corresponding acceptable
range (for that driving characteristic), establishing, via one
or more processors, a setting for that individual driving
characteristic for use in the driver profile for the individual
driver based upon an upper or lower limit (that 1s acceptable
for sate driving) for the acceptable range; (6) programing,
such as via one or more processors, an autonomous vehicle
to drive during real world or real road conditions based upon
the driver profile developed and/or the settings for the one or
more driving characteristics (that may be within acceptable
ranges or set at upper or lower limits of acceptable driving
behavior); and/or (7) directing or controlling, via one or
more processors, the autonomous vehicle to drive 1n accor-
dance with the dniver profile developed and/or settings
determined to {facilitate simultaneously operating the
autonomous vehicle (1) to mimic the actual driving behavior
of the human passenger, and (11) within acceptable limits or
otherwise safely.

The method may include additional, less, or fewer
actions, including those discussed elsewhere herein, and/or
the method may be implemented via a computer system,
remote servers, local vehicle processors or mobile devices,
wireless communication network, and/or computer-execut-
able 1nstructions stored on non-transitory storage media or
computer-readable medium. For example, the method may
include adjusting or updating, via one or more processors, an
auto msurance policy, premium, or discount based upon the
driver profile and/or the driving score for each of the one or
more driving characteristics for an insured. Additionally or
alternatively, the method may 1include adjusting or updating,
via One Or more processors, an auto insurance policy, pre-
mium, or discount based upon an amount of autonomous
vehicle usage or miles driven 1n accordance with the driver
profile and/or settings determined based upon the driver
behavior data associated with an nsured.

In another aspect, a computer-implemented method of
adjusting operation of an autonomous or semi-autonomous
vehicle may be provided. The method may include (1)
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collecting telematics data at an insurance provider remote
server or associated transceiver, the telematics data being

generated by a mobile device, a dedicated telematics device,
and/or a vehicle processor or controller; (2) adjusting, at the
remote server, an autonomous vehicle operational virtual
setting or a driver profile for an insured based upon the
telematics data to change autonomous vehicle operation to
more closely mimic the actual driving behavior or charac-
teristics of the insured; and/or (3) transmitting, from the
remote server or associated transceiver, the adjusted autono-
mous vehicle operational virtual setting or driver profile to
an autonomous vehicle controller or transceiver (via wire-
less communication and/or data transmission) for uploading
or downloading, and/or use by the autonomous vehicle
controller such that the autonomous vehicle 1s driven under
processor control in a manner that more resembles the
driving behavior of the insured to facilitate an enhanced
traveling experience.

The method may include additional, less, or fewer
actions, including those discussed elsewhere herein, and/or
the method may be implemented via a computer system,
remote servers, local vehicle processors or mobile devices,
wireless communication network, and/or computer-execut-
able instructions stored on non-transitory storage media or
computer-readable medium. For mstance, the method may
include generating, at the remote server, acceptable ranges
for each of several driving characteristics (e.g., braking,
speed, cornering, acceleration) for autonomous vehicle
operation; and/or comparing, at the remote server, the telem-
atics data (and/or driving characteristic scores for each
driving characteristic for the msured that are generated from
or otherwise based upon the telematics data) collected with
the acceptable ranges. If a driving characteristic score 1s
within the acceptable range a virtual setting for autonomous
vehicle operation 1s adjusted to, or set based upon, the
driving characteristic score retlecting actual driving behav-
1ior of the isured, and/or 1t the driving characteristic score
1s not within the acceptable range a virtual setting for
autonomous vehicle operation 1s adjusted to within, or set
based upon, the acceptable range for the driving character-
1stic.

The method may include adjusting or generating, at the
remote server, an insurance policy, premium, or discount
based upon the drniving characteristic score for an insured,
and/or an amount of autonomous vehicle usage with difler-
ing virtual settings for autonomous vehicle operation. The
method may further include, based upon the acceptable
ranges ol driving characteristics, developing multiple driv-
ing modes for an autonomous vehicle operation (e.g., con-
servative, normal, aggressive, My Profile) at a remote
server; transmitting the multiple driving modes from the
remote server or associated transceiver to an autonomous
vehicle controller or associated transceiver; displaying the
multiple driving modes on a display associated with the
autonomous vehicle controller, and/or accepting user selec-
tion, via the display, of a dnving mode 1n which the
autonomous vehicle 1s to be driven under processor control
and/or otherwise altering autonomous vehicle operation
based upon the user selected driving mode.

ADDITIONAL CONSIDERATIONS

In this description, references to “one embodiment™, “an
embodiment”, or “embodiments” mean that the feature or
features being referred to are included in at least one
embodiment of the technology. Separate references to “one
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description do not necessarily refer to the same embodiment
and are also not mutually exclusive unless so stated and/or
except as will be readily apparent to those skilled in the art
from the description. For example, a feature, structure, act,
etc. described 1n one embodiment may also be included 1n
other embodiments, but 1s not necessarily included. Thus,
the current technology can include a variety of combinations
and/or mtegrations of the embodiments described herein.

Although the present application sets forth a detailed
description of numerous diflerent embodiments, 1t should be
understood that the legal scope of the description 1s defined
by the words of the claims set forth at the end of this patent
and equivalents. The detailed description 1s to be construed
as exemplary only and does not describe every possible
embodiment since describing every possible embodiment
would be impractical. Numerous alternative embodiments
may be implemented, using either current technology or
technology developed after the filing date of this patent,
which would still fall within the scope of the claims.

Throughout this specification, plural instances may imple-
ment components, operations, or structures described as a
single instance. Although individual operations of one or
more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed 1n the order illustrated. Structures and
functionality presented as separate components in example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

Certain embodiments are described herein as including
logic or a number of routines, subroutines, applications, or
instructions. These may constitute either software (e.g., code
embodied on a machine-readable medium or in a transmis-
s1on signal) or hardware. In hardware, the routines, etc., are
tangible units capable of performing certain operations and
may be configured or arranged in a certain manner. In
example embodiments, one or more computer systems (e.g.,
a standalone, client or server computer system) or one or
more hardware modules of a computer system (e.g., a
processor or a group ol processors) may be configured by
solftware (e.g., an application or application portion) as
computer hardware that operates to perform certain opera-
tions as described herein.

In various embodiments, computer hardware, such as a
processing element, may be implemented as special purpose
or as general purpose. For example, the processing element
may comprise dedicated circuitry or logic that 1s perma-
nently configured, such as an application-specific integrated
circuit (ASIC), or indefinitely configured, such as an FPGA,
to perform certain operations. The processing element may
also comprise programmable logic or circuitry (e.g., as
encompassed within a general-purpose processor or other
programmable processor) that 1s temporarily configured by
soltware to perform certain operations. It will be appreciated
that the decision to implement the processing element as
special purpose, 1 dedicated and permanently configured
circuitry, or as general purpose (e.g., configured by sofit-
ware) may be driven by cost and time considerations.

Accordingly, the term “processing element” or equiva-
lents should be understood to encompass a tangible entity or
group ol tangible entities, be that entities that are physically
constructed, permanently configured (e.g., hardwired), or
temporarily configured (e.g., programmed) to operate 1n a
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certain manner or to perform certain operations described
herein. Considering embodiments in which the processing
clement 1s temporarily configured (e.g., programmed), each
ol the processing elements need not be configured or instan-
tiated at any one instance in time. For example, where the
processing element comprises a general-purpose processor
configured using software, the general-purpose processor
may be configured as respective diflerent processing ele-
ments at different times. Software may accordingly config-
ure the processing element to constitute a particular hard-
ware configuration at one mstance of time and to constitute
a different hardware configuration at a different instance of
time. Moreover, the “processing element” may, unless more
narrowly described, consist of multiple separate tangible
pieces ol hardware for operating 1n the described manner to
perform certain operations described herein.

Computer hardware components, such as communication
clements, memory elements, processing elements, and the
like, may provide information to, and receive mmformation
from, other computer hardware components. Accordingly,
the described computer hardware components may be
regarded as being communicatively coupled. Where mul-
tiple of such computer hardware components exist contem-
poraneously, communications may be achieved through
signal transmission (e.g., over appropriate circuits and
buses) that connect the computer hardware components. In
embodiments 1n which multiple computer hardware com-
ponents are configured or instantiated at different times,
communications between such computer hardware compo-
nents may be achieved, for example, through the storage and
retrieval of information 1 memory structures to which the
multiple computer hardware components have access. For
example, one computer hardware component may perform
an operation and store the output of that operation 1 a
memory device to which 1t 1s commumicatively coupled. A
turther computer hardware component may then, at a later
time, access the memory device to retrieve and process the
stored output. Computer hardware components may also
initiate communications with mput or output devices, and
may operate on a resource (e.g., a collection of information).

The various operations of example methods described
herein may be performed, at least partially, by one or more
processing elements that are temporarily configured (e.g., by
soltware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processing elements may constitute processing ele-
ment-implemented modules that operate to perform one or
more operations or functions. The modules referred to herein
may, 1 some example embodiments, comprise processing,
clement-implemented modules.

Similarly, the methods or routines described herein may
be at least partially processing element-implemented. For
example, at least some of the operations of a method may be
performed by one or more processing elements or process-
ing element-implemented hardware modules. The pertor-
mance of certain of the operations may be distributed among
the one or more processing elements, not only residing
within a single machine, but deployed across a number of
machines. In some example embodiments, the processing
clements may be located 1n a single location (e.g., within a
home environment, an oflice environment or as a server
farm), while 1n other embodiments the processing elements
may be distributed across a number of locations.

Unless specifically stated otherwise, discussions herein
using words such as “processing,” “computing,” “calculat-
ing,” “determining,” “presenting,” “displaying,” or the like
may refer to actions or processes of a machine (e.g., a
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computer with a processing element and other computer
hardware components) that manipulates or transforms data
represented as physical (e.g., electronic, magnetic, or opti-
cal) quantities within one or more memories (e.g., volatile
memory, non-volatile memory, or a combination thereot),
registers, or other machine components that receive, store,
transmit, or display information.

As used herein, the terms “comprises,” “comprising,”
b e B Al

“includes,” “including,” “has,” “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparatus that
comprises a list of elements 1s not necessarily limited to only
those elements but may include other elements not expressly
listed or mherent to such process, method, article, or appa-
ratus.
Although embodiments of the present inventive concept
have been described with reference to the illustrations 1n the
attached drawing figures, it 1s noted that equivalents may be
employed and substitutions made herein without departing
from the scope of the present inventive concept as recited 1n
the claims.
We claim:
1. A system for managing a selif-driving behavior of a
seli-driving vehicle, the system comprising:
a communication element configured to receive and trans-
mit signals via a network; a memory element config-
ured to store information; and
a processing element electronically coupled to the com-
munication element and the memory element and con-
figured to perform the following:
collecting telematics data regarding an actual driving
behavior of a driver 1n a manual driving mode;

creating a custom control based upon the collected
telematics data, the custom control including not
exceeding a limit that 1s determined by collecting
driving behavior data of a plurality of drivers;

determining a safe operating range for driving based
upon the collected driving behavior data, and basing
the limit on the determined safe operating range; and

applying the custom control to manage the self-driving
behavior of the selif-driving vehicle in a self-driving
mode.

2. The system as set forth 1n claim 1, wherein collecting,
telematics data involves using one or more sensors to
measure the actual driving behavior.

3. The system as set forth in claim 2, wherein the collected
telematics data includes a location and a time at which the
measured actual driving behavior occurred.

4. The system as set forth in claim 1, wherein the custom
control 1s a performance threshold for the self-driving driv-
ing behavior.

5. The system as set forth 1n claim 1, further including
deleting anomalous data from the collected telematics data.

6. The system as set forth 1n claim 1, further including:

collecting driving behavior data of a plurality of drivers
driving through a particular area; determiming a safe
operating range for driving through the particular area
based upon the collected driving behavior data of the
plurality of drivers; and
basing the limit on the determined safe operating range.

7. The system as set forth 1n claim 1, further including;

collecting driving behavior data of a plurality of drnivers
driving through a particular area at a particular time;

determining a safe operating range for driving through the
particular area at the particular time based upon the
collected driving behavior data of the plurality of
drivers; and

basing the limit on the determined safe operating range.
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8. The system as set forth 1n claim 1, wherein applying the
custom control includes:

identifying a change in the actual driving behavior of the
driver 1n the manual driving mode associated with a
particular location; and

adjusting the custom control to reflect the change in the
actual drniving behavior of the driver when the seli-
driving vehicle 1s operating in the self-driving mode at
the particular location.

9. The system as set forth 1n claim 1, wherein applying the

custom control includes:

identifying a change 1n the actual driving behavior of the
driver in the manual driving mode associated with a
particular location and a particular time; and

adjusting the custom control to reflect the change in the
actual driving behavior of the driver when the seli-
driving vehicle 1s operating in the self-driving mode at
the particular location at the particular time.

10. The system as set forth in claim 1, further including
allowing the driver to transier the custom control from the
seli-driving vehicle to a second self-driving vehicle.

11. The system as set forth 1n claim 1, further including:

creating a plurality of custom controls for a plurality of
different drivers of the self-driving vehicle, with each
custom control being associated with each different
driver;

identifying a particular driver using the self-dniving
vehicle from the plurality of different drivers; and

applying a particular custom control associated with the
identified particular driver from the plurality of custom
controls.

12. The system as set forth in claim 1, further including
adjusting an insurance rate based upon the custom control
for the self-driving vehicle.

13. The system as set forth 1n claim 12, further including:

allowing the driver to manually adjust the custom control;
basing the insurance rate on the manually adjusted

custom control and an amount of time spent 1n the
self-driving mode.

14. A computer system for managing a self-driving behav-
1or of a self-driving vehicle, the system comprising:

a communication element configured to receive and trans-
mit signals via a network; a memory element config-
ured to store information; and

a processing element electronically coupled to the com-
munication element and the memory element and con-
figured to perform the following:
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collecting telematics data regarding an actual driving
behavior of a driver 1n a manual driving mode,
wherein collecting telematics data involves using
one or more sensors to measure the actual dniving
behavior;

creating a custom control based upon the collected
telematics data, wherein the custom control 1s not
allowed to exceed a limit that 1s determined by
collecting driving behavior data of a plurality of
drivers;

determining a safe operating range for driving based
upon the collected driving behavior data, and basing
the limit on the determined safe operating range, and
storing the custom control in the memory element;
and

applying the custom control to manage the self-driving
behavior of the seli-driving vehicle 1n a self-driving
mode.
15. A computer system for managing a selif-driving behav-
ior of a self-driving vehicle, the computer system compris-
ng:
a communication element configured to receive and trans-
mit signals via a network; a memory element config-
ured to store information; and
a processing element electronically coupled to the com-
munication element and the memory element and con-
figured to perform the following:
collecting telematics data regarding an actual driving
behavior of a driver in a manual driving mode;

creating a custom control based upon the collected
telematics data, wherein the custom control 1s not
allowed to exceed a limit that 1s determined by
collecting driving behavior data or a plurality of
drivers:

determining a safe operating range for driving based
upon the collected driving behavior data, and basing
the limit on the determined safe operating range, and
storing the custom control in the memory element;
and

applying the custom control to manage the self-driving
behavior of the selif-driving vehicle in a self-driving
mode.

16. The computer system of claim 15, wherein the pro-
cessing element 1s further configured to base an insurance
rate for the self-driving vehicle upon the custom control.
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